Abstract 23 24
Biogenic amines are low molecular weight organic bases that can be detected in 25 raw and processed foods. Several toxicological problems resulting from the ingestion of 26 food containing biogenic amines have been described. Biogenic amines are mainly 27 produced by the decarboxylation of certain amino acids by microbial action. Since the 28 ability of microorganisms to decarboxylate amino acid is highly variable, being in most 29 cases strain-specific, the detection of bacteria possessing amino acid decarboxylase 30 activity is important to estimate the risk of biogenic amine food content and to prevent 31 biogenic amine accumulation in food products. Molecular methods for the early and 32 rapid detection of these producer bacteria are becoming an alternative to traditional 33 culture methods. PCR methods offer the advantages of speed, sensitivity, simplicity and 34 specific detection of amino acid decarboxylase genes. Moreover, these molecular 35 methods detect potential biogenic amine risk formation in food before the amine is 36 produced. The aim of the present review is to give a complete overview of the 37 molecular methods proposed in the literature for the detection of biogenic amine-38 producing bacteria. These genetic procedures allow the introduction of early control 39 measures to avoid the development of these bacteria. 40 1975). Cadaverine is a BA not considered toxic, although it can potentiate the toxicity 91 of histamine. In foods, the presence of BA is indicative of undesired microbial activity. 92
In addition, the occurrence of relatively high levels of certain BA has been reported as 93 indicators of a deterioration process and/or defective elaboration. The amounts of 94 histamine, putrescine and cadaverine usually increase during spoilage of fish or meat 95 (Karmas et al., 1981) . A combination of putrescine and cadaverine has been suggested 96 as an index of acceptability in fresh meat, because their concentration increases prior to 97 spoilage and correlates well with the microbial load (Ruíz-Capillas and Jimenez-98 Colmenero, 2004) . 99 BA in foods are mainly generated by decarboxylation of the corresponding 100 amino acids through substrate-specific decarboxylase enzymes derived from 101 microorganisms present in the food (Silla, 1996) . Although amino acid decarboxylases 102
are not widely distributed among bacteria, species of many genera are capable of 103 decarboxylating one or more amino acids. However, the ability of microorganisms to 104 decarboxylate amino acids is highly variable. It depends not only on the species, but 105 also on the strain and the environmental conditions (e.g. Coton Hdc1 and Hdc2 (Table 1) primer set (41/42) in order to choose one of them to be used in a multiplex PCR assay 318 (Table 3) . Since 41/42 set produced an unspecific fragment, the P2-for/P1-rev set was 319 used in the multiplex PCR assay. However, due to competitive reaction between the 320 primer sets, the primer concentration was optimised for the multiplex assay (Table 2) . 321
The assay was useful for the detection of tyramine-producing bacteria in control 322 collection strains and in a wine LAB collection. The designed primer set, PUT2-F/PUT2-R (Table 4) (Table 5 ) amplifies a specific DNA fragment of 447 LDC from Gram-negative bacteria. CAD2-F/CAD2-R primer set (Table 5) tyramine, putrescine and cadaverine in foods. All (two, three or four) target amines can 460 be detected at one time in a multiplex PCR assay. Therefore, the multiplex PCR assays 461 reduce reagent quantities and labor costs. 462 16S rRNA gene of eubacteria was also used as an internal control. To detect the hdc 465 gene of LAB they used HDC3/HDC4 primer set (Table 1) , and TD2/TD5 primer set 466 (Table 3) for the simultaneous detection of LAB strains, which potentially produce histamine, 473 tyramine, and putrescine on fermented foods. The primer sets were JV16HC/JV17HC 474 (Table 1) , P1-rev/P2-for (Table 3) , and 3/16 (Table 4) for the detection of the hdc, tdc, 475 and, odc genes, respectively. As mentioned before, these primers were based on 476 sequences from HDC, TDC, and ODC from LAB. Previously, the authors checked 477 several primer sets to detect each gene. To establish the optimal set of primers for the 478 multiplex assay, they took into account the strong intensity of the amplicons for the 479 target DNA and good discrimination of fragment sizes on the agarose gels, as well as 480 the absence of non-specific amplicons. Under the optimized conditions, the assay 481 yielded DNA fragments of 367, 924, and 1446-bp DNA of hdc, tdc, and odc genes, 482 respectively (Table 2) . For multiplex PCR, conditions were as described for the uniplex 483 reaction except that the relative concentration of the primers was optimized by checking 484 increasing or decreasing primer concentration (Table 2) histamine-producing strain). The four amplicons presented strong intensity, the 505 fragments sizes showed a good discrimination on agarose gel, and non-specific 506 amplicons could be observed. 507 and PUT2-F/PUT2-R primers), and 1098-and 1185-bp fragments from ldc genes 515 (CAD1-F/CAD1-R and CAD2-F/CAD2-R primers). Because several BA-producing 516 bacteria could be found in the same food substrate, the authors decided to check the 517 usefulness of the PCR method to detect specific decarboxylase genes in a complex 518 bacterial population. Therefore, they used a mixture of seven DNAs obtained from BA-519 producing bacteria as DNA template in the PCR reaction. By using each specific primer 520 set, only the corresponding specific amplicon was obtained. Moreover, the seven 521 specific amplicons were clearly resolved from each other in an agarose gel. Many 522 strains have been tested using this assay; moreover, because the designed 523 oligonucleotides are based on conserved domains, the described method should allow 524 BA detection in a wide range of bacteria. 525 526
Conclusions 527 528
Although amino acid decarboxylases are not widely distributed among bacteria, 529 species of many genera are capable of decarboxylating one or more amino acids. 530
However, the ability of microorganisms to decarboxylate amino acids is highly variable. 531
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